introduction: Extraskeletal Ewing's Sarcoma (EES) is a rare form of soft tissue sarcoma. To assess the outcome and the prognosis of adult patients presenting with EES treated with multi-modality therapy.
nEmrock introduction
The Ewing's sarcoma family of tumors (ESFT) includes classic Ewing's sarcoma (ES) of bone, extraskeletal Ewing's sarcoma (EES), Askin's tumors of the chest wall and primitive neuroectodermal tumors (PNET) of bone or soft tissues. These small round cell tumors are treated similarly because of compelling evidence supporting the hypothesis that they all share a common neural histiogenesis and tumor genetics . The genetic hallmark of ESFT is the presence of the translocation, t (; 22) (q24; q2) which creates the EWS/FLI fusion gene and results in the expression of a chimeric protein. They have a common cell surface marker CD99 (product of MIC-2 gene). The term extraskeletal Ewing's sarcoma (EES) was introduced in 969 by Tefft et al. 2 EES is a rare disease that may develop in soft tissues at any location. The most common sites of occurrence are the trunk, extremities and retroperitoneum 3, 4 . Although EES is a soft tissue primary tumor, it can cause changes in the cortex of adjacent bone 2, 4 . The disease is relatively more common in adults and is associated with a particularly poor prognosis in some series 4, 5 . Because of the rarity of EES, very few clinical studies are available that describe the clinical course, therapeutic approaches and prognostic factors. To the best of our knowledge, there are no published series analyzing a relatively large number of adult patients with EES. This has prompted this report to elucidate the clinical features, the management and the outcome of 57 cases with this disease treated at King Faisal Specialist Hospital and Research Center (KFSH and RC) over a 0-year period. We also provide a concise comparison of the current series with others reported in the literature.
PatiEnts and mEtHods
Between January 995 and December 2004, the medical records and pathology data of all adult patients (age > 5 years) with newly diagnosed EES were retrospectively reviewed. Institutional Review Board approval was obtained prior to data collection. The pathologic material was reviewed by one of the authors. Hematoxylin and eosin and periodic acidSchiff stained slides were available for review in all cases. Sheets of uniform primitive malignant cells with scanty cytoplasm containing glycogen were the typical morphological features of ES. Lobular pattern, mitosis and fibrous background were seen in most of the cases. A panel of immunohistochemical stains including CD99, synaptophysin, chromogranin, neuron specific enolase, NFP, S-00, vimentin, leukocyte common antigen (LCA), cytokeratine (AE/AE3), desmin and actin were performed. All cases showed diffuse membranous stain for CD99. Tumors classified as ES/PNET when expressed > 2 neuronal markers. In only few cases, electron microscopy 7 and cytogentic studies 2 were used to confirm the diagnosis. Data were gathered with regard to age at diagnosis, gender, tumor site and size, clinical stage, surgical modality and resection margins, induction and adjuvant chemotherapy (CT) regimen, number of CT cycles, histologic response to induction CT, radiotherapy (RT) dose and treatment outcome. Only patients who had adequate clinical data for treatment and follow up were selected.
clinical evaluation:
All patients were clinically staged at the time of diagnosis with history and physical examination, routine laboratory studies, chest radiograph, imaging studies of the primary site with plain x-ray and magnetic resonance imaging (MRI) ± computerized axial tomography scan. Cases with any bone involvement were excluded. Metastatic work up included (CT) scan of chest, bone scan and bone marrow biopsy. Routine pretreatment cardiac assessment including clinical examination, EKG and echocardiogram was done for all patients.
Response definition and survival:
Clinical assessment, appropriate imaging studies, and pathologic data available on the surgical specimens all together helped in defining response evaluation. A complete response (CR) was defined as a complete resolution of all objective evidence of disease for at least 4 weeks following treatment. Partial response (PR) was defined as a decrease of 50% or more in the product of the largest two perpendicular diameters of measurable disease, with no progression in other lesions for at least 4 weeks. Progressive disease was defined as an increase of more than 25% of at least one bi-dimensionally measurable lesion and /or the appearance of new lesion.
Event free survival (EFS) was calculated from the date of diagnosis till the date of disease progression, relapse, death or last follow-up visit. Overall survival (OS) was calculated from the date of diagnosis to the date of death or last follow-up. EFS and OS were estimated using the Kaplan-Meier method, together with 95% confidence intervals (CIs). Univariate analysis was performed to assess if any prognostic variables conferred an improved survivorship. Cumulative survival rates were compared by the log-rank test with p-values < 0.05 considered to be significant. Factors that significantly predicted survival rate in the univariate model were then studied in a multivariate analysis using Cox' proportional hazards model. SPSS statistical software version 0.0 (SPSS Inc, Chicago, IL) was used for the analysis.
rEsults

Patients characteristics:
Over a 0-year period, a total of 57 adult patients with EES were seen and treated at KFSH & RC. Of these 6 were referred for local +/-metastatic relapse after they had surgical resection alone as primary treatment. All of the remaining 5 patients were referred for initial management. Patients had a median age at diagnosis of 20 years (range, 5-57 years), with male-to-female ratio of .6:. Twenty-seven patients (47%) presented with a primary soft tissue mass in the trunk. The median tumor size at diagnosis was cm (rage, 4-30) . Thirty-nine (68%) patients had regionally confined tumor (M0). Four of the eighteen patients who presented with metastatic disease (M) had involvement of more than one site. Table depicts location of the primary disease at presentation and the pre-treatment patient's characteristics. 2 /day intravenous infusion days -3 with mesna equivalent dose in 3 divided doses, pre and 2 post ifosfamide.
Chemotherapy was given on a three-week schedule and planned to complete a total of fourteen courses. Eight patients had their CT in adjuvant setting and 42 received part of it as induction prior to definitive local treatment. The median number of cycles administered was 8 (range, 2-4 cycles). In 26 patients (52%), > 8 cycles were given. Five patients received their first CT at time of relapse. Surgery alone or combined surgery and RT, or RT alone was used for local control. Wide resection with negative surgical margins was achievable in 23 patients (40%). Postoperative RT to the primary site was given to 25 patients with doses ranged from 40-57 Gy (median, 50.40 Gy), using .8-2 Gy per fraction. The planning target volume encompassed pre CT tumor volume plus a minimal of 2.5 cm margins all around. Indications for postoperative RT included gross residual disease and positive or close resection margins. The details of therapy are outlined in table 2.
All patients were evaluable for response. Histologic response of the primary tumor to induction CT was assessed in 30 patients who underwent surgical resection. Twelve patients (40%) had good histologic response (< 0% viable tumor cells). In the whole series, forty-one patients (72%) achieved CR and 6 (28%) progressed on therapy. Nineteen patients (46%) relapsed with a median time of relapse of 2 months (range, -34 months). Table  3 presents the sites of first disease relapse. Local relapse (LR) rate was 34%. Of the 4 patients who failed locally, 9 did not receive RT (64%) and 7 had sub-optimal resection. All the six patients who underwent local resection without adjuvant treatment had LR +/-distant metastases. Five of the seven patients with isolated LR achieved second CR by surgery + CT +/-RT. Salvage chemotherapy regimen consisted of etoposide, ifosfamide and cisplatin (VIP) was given to the patients at progression on /or relapse after VAIA. 
Follow-up, survival and prognostic factors:
As of March 2006, with median follow-up of 30 months (range, 6-23), 27 (47%) of the patients are alive and disease-free; 2 (4%) are alive with evidence of disease and the remaining 28 (49%) are dead. All deaths were attributed to disease progression. The median follow-up time for the 29 censored patients in this data set was 65 months (range, 4-23) . No second cancers have been reported so far in this cohort of patients. The estimated 5-year OS and EFS for the whole group were 48 % (95% CI, 34% -62%) and 35% (95% CI, 2% -49%) respectively (Figure ) . None of the 8 patients presenting with M disease survived beyond 4 years and the 5-year OS for M0 patients was 66% (95% CI, 50%-82%) (Figure 2) . Survival rates showed great differences when related to tumor size. Patients with tumors < 0 cm had the most favorable survival: 70% (95% CI, 69%-89%) surviving at 0 years ( Figure 3) . For the 43 patients who underwent a wide or sub-optimal resection (intralesional or contaminated), 5-year survival rates of 69 % (95% CI, 47%-90%) and 49% (95% CI, 24%-74%) were achieved respectively (p = 0.05). In contrast, the 5-year OS for the patients who had no attempt of resection was only 0% (95% CI, 0%-27%) (Figure 4) . The median survival after distant relapse was 8 months (range -7 months; 95% CI, 6-0 months), while it was 48 months (range, 3-77 months; 95% CI, 25-73 months) for patients who experienced isolated LR. Table 4 shows univariate analysis of the impact of various prognostic factors on OS and EFS for all patients. M0 disease at presentation, tumor size < 0 cm, wide excision with negative margins, CT administration of > 8 cycles, good histologic response to induction CT and primary combined modality treatment (CMT) were found to have a significant influence on both OS and EFS. Radiation therapy had significant effect on EFS ( Figure 5 ) but not on OS. A comparison by multivariate analysis using the Cox proportional hazards model and excluding effects of combined therapy showed both M disease and tumor size > 10 cm to remain statistically significant risk factors for OS (Table 5 ). 
discussion
Of the 68 new adult patients with ESFT seen at KFSH & RC over a 0-year period, 57 (34%) had extra-skeletal variant. Only a few series in the literature reported on ESFT in adults 5-8 . The incidence of EES in these reports is quite variable ranging from 9-47%. The clinical features, treatment and prognostic factors of EES are diverse and limited to small reports from few institutions reflecting the rarity of this disease. It has been reported early that EES is relatively more common in adults. A literature review of six clinical series published on EES, 4,9-3 not restricting their analysis to childhood group, demonstrated an adult (>5 years) incidence of 50-9% (Table 6 ). Our series is unique in reporting only on adult patients with EES and on having the largest number of patients in this age group. The median age at diagnosis in our patients was 20 years, which is similar to other reported series presenting a wide range of ages 4,9-3 . Sixty one percent of our patients were males, however a sexual predominance was not evident in the literature. The predominant location of EES in our review was the trunk. Locations in the extremities were more frequently observed in some reports 9,0,2 . The incidence of distant metastases in our series (32%) is among the highest reported in the literature. This is most probably attributed to the large median tumor size (cm) at initial presentation in the present study compared to that reported in the literature (5-6.5 cm) 4, 9, 0, 3 . The location of metastases at diagnosis was primarily to the lungs, which correspond to the findings of other authors
Although there is some debate about the management of soft tissue compared with bone Ewing's sarcoma, it is clear that all members of the family share the propensity for metastatic spread. The consistent use of systemic effective CT in the treatment of localized ESFT during the past two decades has increased the 5-year survival rate of 5-0% to the current rate in excess of 65%, primarily due to elimination of micrometastases. [4] [5] [6] [7] [8] [9] The report from the Mayo Clinic 0 on 42 EES patients, treated over a 50-year period, demonstrated a significant improvement in the 5-year OS from 28% before 970 to 48% afterwards. Although the optimum combination CT is yet to be established, a four-drug regimen using vincristine, adriamycin, cyclophosphamide and actinomycin-D (VACA) is considered as the standard first line treatment for standard risk patients with localized disease 9 .The integration of ifosfamide (6-9g/m 2 ) with dose escalation of adriamycin into the front-line therapy significantly improved the outcome of patients with high-risk localized disease [7] [8] [9] . The updated results of the randomized EICESS 92 study, in which etoposide was added to a standard combination regimen for high-risk cases showed a trend towards improved EFS
20
. Despite the larger median tumor size reported in the current series, the 5-year OS and EFS results compare favorably with those reported in the literature (Table 6 ).
None of the 8 patients presenting with metastases survived beyond 4 years. To date there is little evidence of any benefit from megatherapy regimens with hematopoietic stem cell rescue in the treatment of highrisk localized or metastatic diseases. Abbreviations: E/C: extremities/central; * median size unless otherwise specified, S: Wide or sub-optimal resection ESFT is a radiosensitive, yet this modality does not appear to be curative as a primary local treatment in EES. Kushner et al. demonstrated a 78 % disease progression at the primary site in 4 patients treated with RT + CT. On the other hand, Kinsella et al. 9 suggested that wide surgical excision is not necessary for achieving local control and reported a 64% DFS in patients managed with RT+ CT. Nevertheless, most of the cases (64%) in their report had extremity lesions with median tumor size of 6 cm. In our series, the 2 patients treated solely with RT+ CT had 5-year EFS of 2% and local disease progression was observed in 50 % of them. These findings suggest that surgical resection would be the appropriate option for local control in EES.
The rarity of EES lesions makes it difficult to ascertain an optimal management for those tumors. However, better results seem to correlate with more aggressive CMT. In the present study, the 24 patients managed with combination of S+RT+CT had the best treatment outcome with 5-year OS of 68% versus 39% for the 2 patients treated with S + CT (P = 0.05). In the IRS report 2 of 30 patients with EES in childhood treated in 3 sequential trials, the CMT was tailored according to the clinical groups based on extent of surgery and distant metastases. The 5-year OS rates for the patients treated with S+ CT+RT and those treated with S+CT did not differ significantly (90% vs. 85%). The best evidence for the efficacy of the CMT would come from a large multi-institutional randomized prospective clinical trial.
The striking tendency of EES to recur locally was observed by many reviewers.
0-2 The local recurrence (LR) rate of 34 % in the current study is higher than that reported in most series. One explanation for the relatively high LR rate might be the lack of the routine use of adjuvant postoperative RT, since 9/4 (64%) patients who developed LR in this study were not offered postoperative RT. In the Mayo Clinic series 0 , the LR rate was 46%. The investigators advised the use of adjuvant RT with all local resections. The current recommendations for postoperative RT include positive or close margins, gross residual disease or poor histologic response to induction CT. 22 It has been shown that the only patients who had survival advantage from salvage treatment were those with isolated LR that could be treated with a second surgical resection +/-RT and systemic treatment 0,23 . Five cases with isolated LR in our series were successfully salvaged by surgery + CT +/-RT and had a median survival of 83 months.
Whether EES carries a worse prognosis compared to localized ES of bone has been an issue of controversy in some reports [5] [6] [7] 24 . Our 5-years EFS of 49 % and OS of 66% for patients with M0 disease compares favorably with the published results 7,8 on localized ES of bones in adults (35-43% and 54-60 % respectively) . This is in agreement with the findings of Verrill et al. 7 who reported no difference between EES and primary ES of bones.
In the current study, metastatic disease at presentation and tumor size were the two most important factors significantly influencing treatment outcome on univariate and multivariate analysis. This finding is in complete agreement with most of the literature reporting either on classic ES of bones 8, 6, 9, 25 or EES.
0,2 Several authors 9,3,2 demonstrated a trend for a more favorable OS in EES patients presenting with extremity lesions. Despite a significantly higher percentage of centrally located tumors (78%) among our patients, their treatment outcome was similar to those with peripheral tumors. This is probably due to uniform aggressive primary CT used along with the ability to achieve complete or suboptimal surgical resection in about 75% of patients.
The prognostic significance of histologic response to induction CT has been emphasized 7, 8, 9, 25 . In our report, the 5-year EFS rate was 70% in good responders (< 0% viable tumor) and 3% in poor responders (P = .02). The study presented by Rosito et al. 8 demonstrated a significant difference in EFS at 3-yesr for Grade 1 necrosis compared with grades 2 and 3 (49 % versus 97%). In the French Ewing's study (EW88), EFS for patients with less than 5% viable tumor, 5% to 30% viable tumor, and >30% viable tumor was 75%, 48% and 20%, respectively 22 . These findings elicit the importance of initial aggressive chemotherapy that could maximize the histologic response. However, response to induction CT correlates closely to tumor burden, which is also difficult to separate from site 7 . Furthermore, a histologic criterion of response needs to be unified.
Previous EES studies 0,2,3 have pointed the prognostic value of adequate surgical resection and its impact on OS. In the present analysis, the 5-year OS of the 24 patients who underwent wide resection with negative microscopic margins was 70%. Similarly, Rud et al. 0 showed a 69% OS in 3 patients with M0 disease treated with radical or wide resection. In another series 3 , a 00% 5-year OS was reported on 9 patients treated by the same approach. Based on these findings, wide resection with negative margins should remain the goal of surgery in EES.
In conclusion, EES is a rare form of soft tissue sarcoma. The results of the present study demonstrate that EES is an aggressive disease with high incidence of LR and distant metastases. Metastases at presentation and bulk of disease are the most important independent prognostic factors influencing the treatment results. The outcome of adult EES is similar to that of skeletal ES. Non-mutilative surgical treatment with negative resection margins together with the use of aggressive combination CT and postoperative RT when indicated are essential to achieve best chance of cure in this rare type of disease.
